Introduction Autonomic dysreflexia (AD) is a well-known sequela of high spinal cord injuries (SCI). The characteristic episodic presentation is one of increased sympathetic tone: diaphoresis, hypertension, tachycardia, or reflex bradycardia. The episodes are triggered by visceral sensations and can last days to weeks.
Introduction
Autonomic dysreflexia (AD) is a well-known sequela of high spinal cord injuries (SCI) [1] [2] [3] , known to be present in over 70% of complete injuries [4] . The episodic nature of the syndrome consists of a constellation of autonomic and cardiovascular symptoms, which can be as benign as anxiety and headaches to life-threatening emergencies such as malignant hypertension and cardiac arrhythmias. AD is typically seen in SCIs at or cephalad to the T6 level. The characteristic presentation is one of increased sympathetic tone: diaphoresis, an elevation in blood pressure 20-30 mm Hg above the patient's systolic baseline, usually accompanied by bradycardia, though tachycardia and atrial fibrillation can also be present [1, 5] . The severity of symptoms is dependent on both the spinal level [6] and severity of injury [7] , with more cephalad and more complete injuries leading to greater deviation from homeostasis. The episodes are triggered by visceral sensations and may last days to weeks [1] .
This report presents the case of a patient with single-level cervical stenosis, with a longstanding history of "hot flashes" accompanied by dizziness, flushing, diaphoresis, and palpitations. The patient was evaluated extensively by cardiology, endocrinology, and neurology with no treatable pathology determined aside from the patient's cervical stenosis. The patient was diagnosed with AD caused by cervical spinal stenosis and underwent anterior cervical decompression and fusion (ACDF) at the stenotic C5-C6 level to treat his radicular symptoms, which resulted in near complete resolution of his autonomic symptoms. Although numerous studies exist of patients with a traumatic onset of AD, to the best of our knowledge, this is the first case report in the literature of AD-like symptoms that stemmed from cervical stenosis. The purpose of this case report is to alert clinicians to a potential association between AD and spinal stenosis. 
Case presentation Patient history
The patient is a 73-year-old male with a history of hypertension, sleep apnea, prostate cancer, and prior L3-5 laminectomy with L4-5 posterior instrumented spinal fusion for spinal stenosis and degenerative spondylolisthesis 7 years prior. 4 years after the operation he re-presented to the clinic reporting right-sided neck pain that radiated into the right scapula. There was no radicular pain into the arm. Radiography and magnetic resonance imaging (MRI) at that time (2014) demonstrated degenerative disc disease at C5-6 with neuroforaminal narrowing bilaterally at C5-6 and C6-7 and right neuroforaminal narrowing at C3-4 ( Fig. 1) . He was sent for a selective nerve root injection on the right at C4, which provided lasting pain relief for several years.
History of presenting illness
As part of his urologic surveillance for prostate cancer 2 years ago, the patient first reported that he suffered "hot flashes" for several years. Over the next several months, he noted that these "hot flashes" became more intense and more frequent. In addition to night sweats and clammy hands, feet, and back, he reported severe fatigue, dizziness, lack of focus and mental clarity, his skin turning red, and tachycardia during these flashes. The episodes were cyclicsymptoms lasted up to 5-10 days with intervals of asymptomatic periods for several days. He was evaluated by his cardiologist and primary care doctor for these symptoms and diagnosed with paroxysmal atrial fibrillation. He was placed on anticoagulation with aspirin and atenolol for rate control. Over the next year, he continued to describe similar symptoms, including chills, intermittent tremors, blurry vision, clammy hands and feet, and wide fluctuations of blood pressure. An extensive evaluation for the etiology of these symptoms was undertaken by an endocrinologist in 18 months after the initial report. Levels of prolactin, Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), Thyroid Stimulating Hormone (TSH), renin, and testosterone were normal. Blood cultures were negative. While an abdominal computed tomography (CT) scan demonstrated a 3.0 × 2.7 cm left adrenal nodule, pheochromocytoma and Cushing's syndrome were ruled out with negative urine catecholamines, Vanillylmandelic Acid (VMA), 5-Hydroxyindoleacetic Acid (5-HIAA), cortisol aldosterone, and Adrenocorticotropic Hormone (ACTH). Subsequently, he was referred to a neurologist for further evaluation, which was notable for a positive Hoffman's on the left and 3 + biceps, brachioradialis, and patellar reflexes bilaterally. Given his constellation of symptoms, negative endocrine work-up, and history of cervical stenosis, they attributed his symptoms to AD possibly due to his cervical stenosis. As such, he was then referred back to our spine clinic.
During the patients spine evaluation in 2016, he reported persistent and progressive symptoms suggestive of cervical myelopathy and radiculopathy, including bilateral arm pain (left 4 right), numbness in the left thumb, and worsening balance and hand-writing. Repeat radiographs and MRI of the cervical spine demonstrated multi-level degenerative changes and moderate central stenosis at C5-6 that had progressed from the previous images (Fig. 2) .
Treatment
Given the absence of other causes for his AD, he underwent a C5-6 anterior cervical discectomy and fusion with structural allograft and anterior plating with the goal of resolving his neurologic and autonomic symptoms. Noteworthy findings during the operation were severe bilateral foraminal stenosis and a large posterior osteophyte in the right paracentral area causing significant compression on the anterior dura. The estimated blood loss was 50 cc. There were no abnormal neuromonitoring signals throughout the entirety of the operation. Post-operatively, the patient was admitted to the Orthopedic Spine Service. The numbness in his left hand resolved and the rest of his neurologic examination was stable. Radiographs demonstrated good alignment and fixation (Fig. 3) . He was discharged home on post-operative day 1.
Post surgical outcome
During all interactions with medical teams (i.e., nurses, cardiologist, endocrinologists, spine service) post-operatively, he reported drastic improvements and resolution of his symptoms of AD. He stated he had no diaphoresis, chills, blood pressure variations, bradycardia since surgery. At 3 months post-operatively, radiographs demonstrated good hardware alignment and progression of fusion (Fig. 3) . At 6 months post-operatively, he continues to have paroxysmal atrial fibrillation, however, this is isolated and not associated with the prior constellation of symptoms. The improvement in his AD symptoms are persistent.
Discussion
AD is most commonly reported in physical medicine and rehabilitation literature regarding the care for patients in the chronic stage of SCIs [1, [4] [5] [6] [8] [9] [10] . In the more chronic cases, the onset of AD is attributable to a particular stimulation-urinary catheterization [4] , bowel stimulation [11] , decubitus ulcer dressing changes [12] . The majority of treatment options rely primarily on prevention of this sympathetic dysregulation. Refractory cases have been treated by sacral deafferentation to eliminate sensory stimuli [8] . There has been greater attention recently to AD in the acute phase of a SCI [6] . Although neurogenic shock is the more commonly witnessed cardiovascular phenomenon after SCI, AD can cause a paradoxical unpredictable increase in blood pressure [13] . One case report presented a patient who suffered a cerebral hemorrhage from the hypertension caused by AD [9] .
There has not been any report of degenerative stenotic changes in the spine resulting in AD. The etiology of AD stems from injury induced dysfunction of sympathetic preganglionic neurons in the spinal cord below the level of injury. The control of these sympathetic neurons by the medullo-spinal neurons in the rostral medulla is lost due to the injury between them [1, 14] . Thus, afferent input from visceral sensations can lead to an uninhibited sympathetic tone that leads to the constellation of symptoms characteristic of AD [15] . Given this understanding of the neural pathways, we hypothesize that our patient's cervical compression caused a disruption in the regulatory control of the sympathetic preganglionic neurons resulting in the autonomic symptoms. Although no particular stimulus was found to be causative of the episodes, any sort of visceral distension could have been responsible.
Cervical stenosis was effectively a diagnosis of exclusion in this scenario, as endocrine, cardiac, and neurological pathologies were explored and ruled out by experienced consultants in their respective fields. The amount of stenosis noted on MRI, the neurological deficits and the degree of myelopathy were quite moderate. There was also no T2 cord signal seen. However, the time course of the improvement in symptoms occurred subsequent to the cord decompression and an association is possible. An alternative possibility that was considered was that the anterior surgery led to transient damage to the sympathetic chain during mobilization of the longus coli, which resolved. However, damage to bilateral sympathetic chains was thought to be unlikely, and the patient showed no symptoms of Horner's syndrome.
The decision to perform an ACDF would not have been undertaken in the absence of clear neurological symptoms in the correct anatomic distributions. Recent case studies have identified Charcot spines in patients with SCI as the pathologic entity responsible for AD, which resolves with adequate decompression and stabilization (often with fusion) [16] [17] [18] . There are some reports of spinal cord compression by tumors causing AD as well [19, 20] . However, from this single study it remains unclear how prominent cervical stenosis should be on the differential of patients presenting with autonomic nervous system dysfunction. The fact that the patient felt a sudden improvement in his symptoms with the near resolution of these episodes of AD after surgery does allow one to suspect cervical stenosis may have been the culprit, though no definitive conclusions or statements about treatment can be made from this single case.
More is being understood about possible etiologies that lead to AD and its underlying pathophysiology. The fact that cervical stenosis may be one of the etiologies of this condition warrants more investigation into the syndrome. Clinicians should be aware of the possible association between spinal stenosis and AD outside the realm of spinal trauma and SCI.
